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@ OoMlinfcableelattp m erI c compo si tions. 

@ Polymeric compositions which may be readily cross- 
linked at temperatures above about 200 ^ comprise an 
elastomeric polymer possessing olefinic unsaturation and an 
effective amount of a benzocyclobutene derivative of the 
general formula 




where 'X" is selected from the group consisting of 
— CH»CH— 

P2 

— Oij' 

n 

^ where *R* is an alkylene group of 1 to 10 carbon atoms. 
Cured compositions are also claimed. 
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CR06SLD0aHI£ ELASTOMESIEC OGHPOSmONS 

OSie invaitiGn relates to a cscosslixikable polyneric ocnposition. 
Die InventiGn also inelates to curBd conpositians csbtained by 
crosslihidng said polyneric oonpositicns, and to a process for the 
preparation of said czosslihkable polymeric oonpo s i t icns. 

As described in the article "Elastaners, Synthetic", Kirk* 
Othmer Encydqpedia of C!hemical Ttohnology, Vol. 7, pages 677-716 
(Interscienoe Publisher 1965) , synthetic elastcniers are a groip of 
syntiietic hi^ polymeric materials with properties that, in the 
past, might have been described as rubbery. The ASTM definition for 
rubber (1964 Bock of ASM Standards, ASTM D1566-62T) ajppears to 
also cover elastoners. This definition, is based cn physical 

characteristics and not cn chemical structure, defines a rubb er as 
a material that is capable of recovery from large deformations 
quickly and forcibly and can be, or already is, modified to a state 
in ^Aiich it is essentially insoluble (but can swell) in boiling 
solvents such as benzene, methyl ethyl ketone, and tlie azeotrcpic 
mixture of ethanol and toluene. A n±ber in its mndifififl state, 
free of diluents, retracts within one min to less tiian 1.5 times 
its original length after being stretched at room tesqperature 
(20-27 to twice its lengtii and held for one min before rel e as e ^ 

With a few exceptions, elastoners are not topically enployed 
in their raw or dry state. Fdr the great majority of uses, the 
elastoner must be modified, usually by the addition of cxosslinking 
or curing agents, followed fay heating to effect crossliiddng or 
curing* 

One oonmon elastcmer of general utility is ethylene-prcpylene- 
diene tezpolymer (EFCM) • EEDN polymers are desirable elastomers 
since they are prepared fxaoi low-oost moncroers and have good 
roedianical and elastic prcperties as well as outstanding resistance 
to ozone, heat and chemical attack. 
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EPDK polyners may be cured with sulj^ur but usually require 
ultara-acxjelerators in the recipe because of the Icw-polymsr unsati>- 
ration. EPDM can be vulcanized vath systeams based on sulphur, 
peroxides, quinoids, or polyhalonethyl resins. Sane of the best 
current systems contain suljAiur (1.5 parts per hundred, phr) , zinc 
oxide (5 phr) , stearic acid, a primary accelerator (thiuram irax>-, 
di- or tetrasulfMdes or metal salts of a dithiocarbamic acid 
(1.5 phr)) , and a thiazole (0.5 phr) as a seocnflary accelerator.. 
Hi^ oil and black levels can be accepted. With recipes sudi as 
ttese, satisfactory cures for some a^licaticns may be obtained in 
tiie usual times and tenperatures (e.g. , 30 min at 160 ^) . 

PeroKide curing of EPQM elastomers is the most conmon system. 
I^roxide curing involves coupling of allylic radicals derived from 
the cure site mon o mer and peroxide generated radicals to give 
vulcanizates containing allylic carbon-carbon bonds. OSiis curing 
system is xx>t desirable for certain applications. For exanple, v*ien 
such EPDM elastcners are used as seals in hi^ tenperature plica- 
tions (above about 300 ^C) , the peroxide-cured EHDM elastomers may 
fail. 

A crosslinkable polymeric ocnposition has new been found that 
can be readily crosslihked or cured at a tenperature above 200 ^ 
and tibat results in cured or vulcanized products (e.g. seals) that 
have an iiqproved balance of properties, for exaoDple improved 
liiexinal stability, said conposltion having as essential conponents 
an elastaner and a particular benzocyclobutene derivative. 

!Ehe present invention provides a crossliiikable polymeric 
ocnposition, %Mch oonpcises an elastomeric polymer having olefinic 
unsaturation and sudi an amount of a boizocyclobutene derivative of 
the general fannola^s. 




(I) 
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and -(R>- 

where R represents an aUcylene grotp having in the range of fran 1 
to 10 carbon atoms, that the oonpositicn can be cured by treating 
at a tenperature above 200 

As shown in the exanples hereinafter, the present invention 
eliminates the use of sulphur and peroxide curing agents vAiich 
introduce thermally weak and hydrolytically unstable linkages. In 
additicnjr the invention leads to a reduction or elimination of weak 
allylic structures in the cured polymer and consequently may 
provide enhanced thermal stability. See H.J. Harwood, J TEVA , II , 
289 (1983). 

One of the essential conponents of the present invention is an 
elastoneric polymer having olefinic unsaturation. Preferred sudi 
elastomers are:- 

ethylene/C^ to Cg alpha-iiKTOolef in/diene terpolymers (EFDM) 

butyl rubber 

polyisobutylene 

pol^^butadiene 

polyiscprene 

styrene-butadiene ndbber 

nitrile nlbber 

neoprene xvtber 

styrene-butadiene blodc oqpolyneirs. 
Of the cdbove elastoners, EEOt is the preferred elastomer. 

EFGH texpolymers useful for this invention ooqpirise ethylene, 
a to Cg straight or branched cliain alpharblefin and a diene. 
Said elastoneric polymer is most preferably an ethylene/propylene/- 
diene terpolyner. 

Bqpresentative non-limiting exanples of ixnroan jugated dicnes 
that may be used as the third monomer in the terpolymer include:- 

(a) Stxai;^ chain acyclic dienes such as 1,4-faexadiene, 1,5-heFta- 
diene and 1,6-octadiene; 

(b) Branched chain acyclic dienes such as 5-methyl-l,4^iexadiene, 
3,7-dimethyl-l,6-octadiene and 3,7-"dimethyl-l,7*-octadiene; 
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(c) Single ring alicyclic dienes sudi as l,4-cyclohe3cadiener 
1^5-cyclooctac3iCTer l/S-cyclododecadiene, 4-viJiyl<^lohexene, 
l-aUyl-4-iscprcEyliaaier<yc^ 3-iallyl--cyclcpentener 

4- allyl-cyclc3hexene and l-i9qprq?enyl--4-(4-batfiiiyl)cyclC3^^ 

(d) Multi single ring alicyclic dienes sudi as 4^4'-iiLcyclcp©citeir^l 
dienes and 4,4*-dicyclGhe3Geziyl dienes; 

(e) Multi-ring alicyclic fused and bridged ring dienes such as 
tetxahydrDin(3ene, neth/l-tetrahydroinclene, dicyclqpentadiene, 
bicyclo(2.2.1)hepta-2y5-diene, alfcenyl-narbomenes, alkylidene- 
narbomenes, cyclcalJ^enyl-norbomenes and cycloalkylidene- 
noxixxmenes/ such as 5Hmethylene-6-TOthyl-2--r!orbai:nene, 

5- -nethylene--6^6-dijiethyl-2-3X)^ 5-prcpenyl-2-norbomene, 
5--(3-<yclcpentenyl)-2-noii±)anieM and 5-cyclche3cylidene-2- 
norbomene. 

In general, useful terpolyners contain nonrconjugated dienes having 
5 to 14 caiixai atoms per molecule anfl exhibit wei^t average 
niDlecular wei^ts of frcm 70,000 to 1,000,000 e.g., 70,000 to 
150.000. Preferred dienes inclufle ethylidene xwrbomene, dicyclo- 
pentadiene and 1,4 hexadiene. Very good results have been obtained 
with 1,4-hBxadiene. Structurally, the terpoljmers suitable for the 
present invention itey be illustrated for various non-conjugated 
diene nononers as randan teipolymers in vAiich the f ollcwing moieties 
axB linked in the polymer chain in a ranclom sequence and in a 
varying nundber:* 




(1) 



Ethylene 
units 



Hig^ 
o-olefin 



1,4-hexadlene units 



units 



0227163 




Ethylene Dicydqpenta- HigMr a- 

units diene units olefin units 




^ (3) 



5-€thylene-2- Higher a- Ethylene 
noxboonnene olefin units units 

in Oiich X, y and z are integers. While these tezpolymers are 
essentially anco^ihous in character by superficial inspection, they 
nay ocntain vp to about 25 per cent by vieig^ of crystalline 
segn^nts as determined by X-ray or differential scanning calorimetry. 
Details of these metiKXte for ineasurenent of crystallinity are f cund 
in J. Polymer Science, 9, 127 (1971) by G. Verstrate and Z.W. 
Wilchinsky. Tterpolymers, useful in the ptresent inventicn oontain at 
least 30 mol per cent, preferably not more than 85 nol per oent of 
ethylene; between 15 and 70 mDl per oent of a C3 to Cg alphaolef in 
or mixture thereof, preferably prqpylene; and between 1 and 20 nol 
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per cent, preferably 1 to 15 inol per cent, of a nan-<x:njugated 
diene or mixture thereof. Especially preferred are polymers of 
40 to 70 nol per oent ethylene, 20 to 58 nol per cent to Cg 
nonoolefin and 2 to 10 xnol per cent diene. On a wei^t basis, 
5 usually the diene will be at least 2 or 3 wt. per cent of the total 
tezpolynner. 

Other elastoners of this grcqp are isdbutylene polymers 
includiiig solid polyiscbutylene and butyl rubber. Butyl rubber is a 
hig^ molecular weight ccpolymer of isdbutylene with less than 20 

10 per oent, preferably less than 5 per cent of one or more C^-Cj^^ 

diolefins such as isqprene, divinylbenzene and 1,4-pentadiene. See, 
generally U.S. patent specification No. 3,137,643. Another elastcmer 
is hic^ molecular weight synthetic poljtwtadiene such as that 
described in U.S. patent specification No. 3,317,918. Another 

15 synthetic elastomeric polymer is necprene- These neqprene rubbers 
are typically produced from the polymerization of chlorcprene 
(2-chloro-l,3-l)Utadiene) and tiiose copolymers produced by the 
polymerizaticn of cfal o ro p rene and of styrene, isqprene, and aczylo*- 
nitrlle wherein the major coqponent of the said produced ccpolymer 

20 is chlarcpnene. A chlorcprene polymer can ocnventionally be produood 
by emulsifying the chlorcprene in water fay means of a sodium 
rosinate soap and polymerizing the chlorcprene at 40 ^C, with the 
aid cxE potassim persulphate as a catalyst and in the presence o£ 
elsnmtal sulphur as a modifier. Other similar polymers may be 

25 enplcyed as well. See generally the Ktdt-Othmer reference cited 

hereinbefore and "Styrene-Butadiene Solution Copolymers", Kirk-Othmer 
Bicyclcpedia of CSiemical Technology, Si^plement Volumer pages 
910-932 (mterscdjenoe Publishing 1971) . 

The seoond essential ccnpcnent in the present invention is the 

30 benzocydobutene derivative of the general fozmila I described 
hereinbefore. 

Fref^nred benzocyclobutenes ("BCB") of the general fomila I 
are:- 

4,4*-ethylenedibenzocyclGbutene, 4,4*-(pH}^lylene)dibenzocycldbutene, 
35 4,4'-(o-xylylene)dibenzocyclcbtttene, 
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4,4'-(m"}vlylene)dibenzo(yclci)ut^^ 3,3'-(p-3ylylene)ctil)enzc)cyclo- 
butene, 3,3*-(o-xylyle%)dibenzocyclGbutene, 3,3*-CDft-3vlylene)di*- 
benzcx^lcbutene, 4,3'-(p-xylylene)dibenzocYclctut£^ 4,3'- 
(a-xylyla:ie)dibenzcx:yclGbuteM 4,3'-(iiM7lylene)dibenzocyclGi3atene, 
4,4*Hnnethylenedibenzoc7cld3at^^ 3,3'"iiethylenedibenzocyc^ 
and 4,3'-net±ylenedibenzocyc^^ Tine xylylene and methylene 
derivatives are more preferred because they do not contain weaker 
beizylic bends. Most preferred is 4,4*-ethylenedibenzacycldbubene. 

Hie inventicBi further provides a process for the preparation 
of a crosslinkable polymeric ccnpositicn ^diich process ccnprises 
contoining an elastoneric polymer having olef inic unsaturaticn and a 
benzocyclcbutene derivative of the general f omula I described 
hereinbefOEe, 

ThB ^lastcmer and the BCB are preferably itdLxed by CGnbining 
the various ingredients in any suitable manner including solution 
blending, melt blending and dry blending. 

An effective amount of BCB is enplcyed. By the term "effective 
aiTDunt" is meant the resulting blends of BCB and rubbers can be 
cured by treating at tenperatures higgler than 200 to give 
insoluble elastomers %dth acoqstable mechanical properties. Pre- 
ferably, the amount of BCB enployed is between 1 and 30 per cent fay 
wei^t based con the amount of elastomer csiployed, more preferably 
between 5 and 20 per cent by wei^t. 

Hie polymer blends of the instant invention may be oolqpounded 
furtiier with other polymers, oils, fillers, reinforcements, anti- 
oxidants, stabilizers, fire zetaidants, antiblocking agents and 
other rubber and plastic oonpounding ingredients without departing 
from the scope of this inwenticn. 

Ihe ocnpositicus aocacding to the. p rese nt invention may be 
fanned into a variety of applications including, for exanple, 
elastaneric seals, automotive oonponents and belts. 

A key aspect of the present invention is that curing of tte 
ocnpositicns occurs %shen the ccRpositions or parts are heated to a 
tenperatuze above about 200 As shorn in the foUo^ring scheme, 
the presently claimed crosslihking tedmique is believed to proceed 
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by the thennal ring opening of benzocyclcbutanes to o-jq^lylenes 
vMch then add to the unsaturated elastoner via Diels-Alder reaction. 
Since the Diels-Alder cycloaddition would reduce or eliminate 
therxnally weak allylic caxbon-carbcn bonds, the nos^ curing 
5 cdieniistzy will lead to elastoners with enhanced thennal stability 
and hi^^ier service tenperature. 



CURING SCHEME 




Csnosslihicing or cuxring or vulcanizatiGn (all terms meaning one 
and the same) is acccnplished by heating the blended oonpositicns 
to tesiperatures above 200 ^C, preferably in the range of from 

30 200 '^C to 300 ^C for at least 5 min, more preferably between 200 'C 
and 250 for sufficient time to result in crossllhldlng. The time 
required dqiends in part tgpcn the tenperature orplcyed, the amount 
of benzoc^cdobutene derivative enplcyed, and the type of elastoneric 
conpcnent used. lypical curing times are 5 to 120 min at £iboat 

J5 250 tenperature. 

The foUcwing Exanples further illustrate the invention. 
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Exanple 1 

A key aspect of the present invenUon deeds with the ring-cpening 
of the beizocyclobutene noncners to reactive o-quinodbunethanes. In 
this enfcodiment, half-life values for the paxent benzocyclcibutene 

5 are calculated and summarized in the following Table 1, based on 
activation parameters rqwrted in W.R. Roth et al Chem. Ber. Ill 
(1978) 3892-3903. The results suggest that rBactive oligcners and 
polymers cxntaining benzocyclcbutenes trfiich are not substituted at 
the cyclcbutene ring would have long shelf-life and good reactivity 

10 at 200-250 «C. 

TftBLE 1 



k 

BenzocyclciMtene > o-quinodimethane 



T fC) 


k (sec"-^) 


S (hr.) 


25 


2.5 X 10"-^^ 


7.6 X lO^O 


100 


1.7 X 10"^ 


1.1 X 10^ 


150 


9.6 X 10"^ 


2 X 10^ 


200 


1.4 X 10"^ 


1.4 


250 


7.8 X 10~^ 


2.5 X 10"^ 



Exanple 2 

4,4*-ethyIenediben2ocyclQbutene <HSC) was prqtazed acoanaing 
to the pococsedure described by 6.D. Ewing and V. Bodcelheicb in 
CSian. ccmnm. 207 (1977). Ohe FBCl3-catalyzed axpling of 4-<4aoro- 

15 methylbenzocyclobutene and its Grignard derivative gave a 65:35 
mixture of EMC and unreacted 4-chloromethylben2ocyclobutene. The 
contaminated HMC was used to dencnstrate the novel curing chemistiy. 

EDBC 
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Blends of Noxdel 1040 (a DuPont EECM elastoner ocsitainiDg 
0.34 neq/g of l,4-he3cadi©fie cure sites based an ozonolysis) and 
HfflC were prepared from hexane solutions. Curing was effected by 
ocnpressicn mouldang at 200 ^'C for 24 h or 250 for 1 h. Uie 

5 heating times were significantly longer than the seven half-lives 
needed for 99% conversion of benzocyclcbotenes to reactive 
o-xylylenes- The half-life values of benzocyclobubene have been 
xeparted to be 1.4 h at 200 ''C and 1.5 min at 250 **C. Blends 
containing 20 parts per hundred (phr) and 30 phr EDBC per 100 phr 

JO Ifordel 1040 gave vulcanizates with strengths coiparable to a 
peroxide-^tardel 1040 ooipound (Table 2) , whereas a blend with 
10 phr HDBC resulted in poor strength. The relatively lew efficiency 
of EDBC in effecting curing of EPEM may be attributed to carpeting 
honcpolyroerization of EOBC as indicated by electron microscopic 

15 analysis which shows the presence of aromatic rich dispersed 
s^aeres tpon staining with RuO^. 

It should be noted that the proposed crosslinks in Nbrdel 
1040-BDBC vulcanizates contain three different kinds of benzylic 
caxhaa-^xaboa bonds as shown below: 



20 Benzylic carbon-caribcn bonds are of 16.7 kJ/inol stronger than 
allylic carix»-cari3on bonds (Tfeible 3) . Bond types B and C are 
formed as the result of the Diels-Alder curing cfaendstry; hcwsver, 
these do not represent weak links since both B and C would have to 
be cleaved in order to break the crosslink. Bond A is a potentially 

25 weak link, but it is part of the curing agent BffiC and not inherent 
to tha caring chemistry. Replacement of the ethylene taridge in EDBC 
with phenyl or xyly 1 linkage would eliminate the potential weak 
links introduced by EDiBC. 
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T^ile Pxqperties (a) of EDBC-4tan3el 1040 VUlcanizates 



200% Mcxiulus Tensile Strength % Elongation 
Blend Conpositicn (MPA) (MPa) at break 



100 phr Nordel 1040 0.93 ± 0.07 7.19 ± 1.85 835 ± 105 
20 phr EDBC 

100 phr Nordel 1040 1.05 ± 0.04 5.10 ± 2.17 562 ± 115 
30 phr EDBC 



100 phr Mordel 1040 (b) 
125 phr Carbon 

50 phr Oil 1.72 6.38 560 

5 phr ZrO 
8 phr Di cup 40 ^'C 



(a) Averages of three mini qpeciiaeans measured at a cxosshead speed 
of 2.54 cm/min. 



(b) 



PercBdde-cured oonpound. Data fran "Peroxide Curing of Nordel", 
DuPcnt publication MD-310.2. 
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TABLE 3 



Carbcn-Caibcn Bonfl Dissociation Energy 



C-C Bend Dissociation Energy (kJ/wol) (a) 

Ite-CHg 368 

Mb-C^ 356 

Me-dPr 352 

Me-tBu 343 

Me-Ph *19 

Ife-Bz 301 

Me-allyl 285 



From OC Hanabook cf cajanistay and V^ics, 61st Editioi; 
H.J. HSiwood, JTEffl, 11, 289 (1983) . 
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CLAIMS 



1. A crossliiikable polymeric ocnpositiGn, which OGnprises an 
elastoneric polyner haNdng olef inic xmsaturation and such an amount 
of a benzocydcbutene derivative of the general f onmiLa I 



and HRH 

5 \iAiere R r^resents an ali^lene gxxxp having in the range of f ron 1 
to 10 carbon atons, that the conposition can be cured by treating 
at a tenperature above 200 ^C. 

2m A ocnposition as claimed in claim 1 therein said elastomeric 
polyner is an ethylene/C^ to Cg alpha--inoncx>lefin/diene texpolymer, 
10 a butyl ruUber, a polyisobutylene, a pol^autadiene, a polyisqprehe, 
a styrene-butadiene rubbery a nitrile rtibber, a necprene rT±ber or 
a styrene-butadiene blodc oqpolymer. 

3. A ocnposition as claimed in claim 2 vterein said elastomeric 
polyner is an etfayl^ie/propylene/diene tezpolymer* 
15 4. A ocnpositicn as claimpd in claim 3 in lAiich t±e diene is 
nanr<x3njugated. 

.. 5. A ocnposition as claimed in any one of claims 2 to 4 in %^ch 
the diene is 1,4-^iexadiene* 

6* A ocnposition as claimRd in claim 4 or 5 vihich ccnprises in 
20 tile range of fron 30 to 85 mol per cent ethylene, between 15 and 70 
mol per cent of a to Cg alfdia-ncnoolef in or mixture thereof and 
between 1 and 20 mol per cent of a non-ocn jugated diene or mixture 
tiiereof. 




(I) 



Inhere X is selected fircm the group consisting of 
— CH=CH— 




- 14 - 



0227163 



7. A ccnpositicn as clained in claim 6 vMch carprises in the 
range of fran 40 to 70 mol per cent ethylene, in the range of from 
20 to 58 mol per cent to Cg manoolef in or mixture thereof and in 
the range of f rem 2 to 10 mol per cent of a non-ccnjiagated diene or 
mixture thereof. 

8. A ocnposition as daimea in any one of the preceding claims 
wherein said benzocyclcbiibene derivative is 

4,4 ■-ethylenedil»^zocycldbutene, 
4 , 4 • - (p-jylylene) dibenzocyclcbutene , 
4,4 (o-xylylene) dilDenzocyclobutene, 
4,4 (m-xylylene) dlbenzocycldbutene, 
3,3'- (p-xy ly lene ) dibenzocyclcbutene , 
3,3'- (o-xylylene) dibenzocyclcbutene, 
3,3 (m-3Qrlylene) dibenzocyclcbutene, 
4,3 (p-xylylene) dibenzocyclobutene, 
4,^3 (o-ap/lylene) dibenzocyclcbutene, 

4.3 (m-jqrlylene) dibenzocyclcbutene, 

4 .4 • -methylenedibenzocyclcbutene, 
3,3'-iiietliylei£dibenzocyclGbutene or 
4 , 3 • -rothylenedibenzocyclobutene . 

9. A ccnpositicn as claimed in claim 8 v*erein said benzocyclo- 
butene derivative is 4,4'-ethylenedibenzocyclobutene. 

10. A ccnpositicn as claimed in any one of the preceding claims 
\0herein tJie benzocyclcbutene derivative of tbe general foooula I is 
present in said ccnpositicn in an amount in the range of frcm 1 to 
30 parts by wei^t per 100 parts by weight of said elastotneric 
polymer. 

11. A ocnposition as glA-s^nfir:^ in claim 10 vterein the amcunt of 
benzocyclobiitene derivative is between 1 and 30 parts by weight per 
100 parts by weic^ of said elastoneric polymer. 

12. A oonpositiGn as claimed in claim 11 %*erein the ancunt of 
benzocyclobufcene derivative is between 5 and 20 parts by weight per 
100 parts by weig^it of said elastoneric polymer. 
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13. A cured cxirpositicn having hx0x tenperatuxe elastoneric 
prcperties cbtajjiecl by heatiiKf a polymeric CGnposition as clained 
in any one of the preoeding claims to a tenperature above 200 *^C. 

14. A cured ccnposition as claiired in claim 13 obtained by heating 
the polyner corposition to a tenperature in the range of from 

200 to 300 for at least 5 min. 

15. A process for the prq>aration of a crosslinkable polymeric 
conposition as clained in any one of claims 1 to 12 vMch process 
ocnprises ccnbining an elastoneric polyner having olef inic unsatu- 
ration and a benzoc^lcsbutene derivative o£ the g&neral fonnula I 
in claim 1. 



